A 453 bp fragment of infB, the gene encoding translation initiation factor 2, was sequenced and compared from 66 clinical isolates and type strains of Haemophilus species and related bacteria. Analysis of the partial infB sequences obtained suggested that the human isolates dependent on X and V factor, H. influenzae, H. haemolyticus, H. aegyptius and some cryptic genospecies of H. influenzae, were closely related to each other. H. parainfluenzae constituted a heterogeneous group within the boundaries of the genus, whereas H. aphrophilus/paraphrophilus and Actinobacillus actinomycetemcomitans were only remotely related to the type species of the genus Haemophilus. H. parahaemolyticus and H. paraphrohaemolyticus took up an intermediary position and may not belong in the genus Haemophilus sensu stricto. Ambiguous results were obtained with seven isolates tentatively identified as H. segnis, which fell into two discrete clusters. The delineation of ' Haemophilus sensu stricto ' as suggested by infB analysis supports previous results obtained by DNA hybridization, in contrast to the delineation inferred from 16S rRNA sequence comparison.
INTRODUCTION
The genus Haemophilus Winslow et al. 1917 was conceived to encompass small non-motile Gram-negative bacilli that grew only on media containing blood or other body fluids. Pfeiffer's so-called influenza bacillus, the Koch-Weeks bacillus, and the Bordet-Gengou bacillus were the principal representatives of this group. By 1921 it had been shown conclusively that Haemophilus influenzae was dependent on two separate factors present in blood for its growth in vitro (Tjøtta & Avery, 1921) ; in 1922, bacteria with close resemblance to H. influenzae, but dependent only on the heat-labile factor, were described (Rivers, 1922) . Growth factor requirements have remained of importance for the taxonomy of genus Haemophilus. The GenBank accession numbers for the sequences reported in this paper are AJ289629 through AJ289694, AJ290742 through AJ290767, and AJ295746.
need for X or V factor by a small Gram-negative rod would qualify that organism as a Haemophilus strain. Conversely, the absence of such a requirement would exclude the bacterium from the genus (Kilian & Biberstein, 1984) . This definition of the genus is, however, no longer useful, as several V factor-dependent species have been transferred from the genus Haemophilus to other genera within the family Pasteurellaceae (Pohl et al., 1983 ; Mutters et al., 1985) . Nucleic-acid-based characterization has indicated that the genus Haemophilus should be restricted to a limited number of species for which man is the only natural host. Phylogenetic analysis by 16S rRNA sequence comparison has suggested that the genus Haemophilus should be restricted to H. influenzae, H. aegyptius, H. haemolyticus, H. segnis, H. aphrophilus, H. paraphrophilus , and possibly Actinobacillus actinomycetemcomitans (Dewhirst et al., 1992 (Dewhirst et al., , 1993 , whereas DNA-DNA hybridization studies have indicated a genus limited to H. influenzae, H. aegyptius, H. haemolyticus, H. parainfluenzae and ' H. intermedius ' (Mutters et al., 1989) . DNA-rRNA hybridization experiments have placed H. aphrophilus and A. actinomycetemcomitans 10N (Quentin et al., 1996) Gastric fluid, neonate, France AJ289637
CCUG 31340 H. cryptic genosp. 16N (Quentin et al., 1996) Gastric H. parainfluenzae III (Kilian, 1976 ; Mutters et al., 1989) Saliva, Denmark 1975 AJ289653 AJ290745
HK22
Pasteurellaceae sp. (Kilian, 1976 ; Mutters et al., 1989) on separate branches in the family Pasteurellaceae, quite remote from the three authentic genera in the family, Pasteurella, Actinobacillus and Haemophilus (De Ley et al., 1990) .
Phylogenetic analysis of DNA sequences from translated genes is a different approach with several theoretical advantages (Palys et al., 1997) . The method has worked well when applied to a number of bacterial genera, and different housekeeping genes have been employed (Cousineau et al., 1992 ; Mollet et al., 1997 ; Swanson et al., 1997 ; Poyart et al., 1998) . The translation initiation factor 2 (IF2) is an essential protein involved in the initiation of protein synthesis in prokaryotes. The sequence of the encoding gene, infB, is highly conserved in the segments encoding the domains of IF2 responsible for binding and hydrolysis of GTP and for the affinity to fMet-tRNA Met f , while the 5h-segments are more variable in both length and sequence. So far, infB has only been found as a single copy in the prokaryotic genome ; it encompasses 2490 bp in H. influenzae (Fleischmann et al., 1995) . The rationale of using the partial sequence of infB, encoding the GTP-binding domain of IF2, as a phylogenetic marker is its universal distribution and its conserved, yet sufficently variable, sequence. We have successfully used the partial sequence of infB in a study of the phylogeny of Enterobacteriaceae (Hedegaard et al., 1999) . The deduced phylogeny could, in some cases, be supported by critical biochemical characteristics, such as the clustering of the mixed acid fermenters Salmonella, Citrobacter and Escherichia (Hedegaard et al., 1999) .
The present study was undertaken to investigate the delineation and speciation of the genus Haemophilus as evaluated by partial infB sequences. The principal scope was the species that have qualified as true members of the genus by 16S rRNA sequencing or DNA hybridization, i.e. H. influenzae, H. haemolyticus, H. parainfluenzae, H. segnis, H. aphrophilus\paraphrophilus and A. actinomycetemcomitans, as well as the phenotypically related human parasites H. parahaemolyticus and H. paraphrohaemolyticus. Attempts were made to include enough clinical isolates to render possible a distinction of genetic clusters. A few single isolates or type strains of non-human origin from the non-Haemo-philus genera of the family Pasteurellaceae were included to provide an outline of the family.
METHODS
Bacterial strains, characterization, and DNA preparation. The strains sequenced in this work are listed in Table 1 . Isolates from the collections at the Statens Serum Institut were kept at k80 mC in broth containing 10 % (v\v) glycerol. Bacterial strains from other sources were obtained lyophilized. Upon inclusion in the study, cells were thawed or rehydrated and the identification was checked by characterization of X and V factor requirements, haemolysis on 5 % horse blood agar, and production of tryptophanase (indole test), urease, ornithine decarboxylase and β-galactosidase (ONPG test). In selected cases, carbohydrate fermentation and production of H # S were also investigated. Methods for characterization were performed as described by Kilian & Frederiksen (1981) , and biotypes were defined as described by Kilian (1991) . Genomic DNA was released using the Chelex method (De Lamballerie et al., 1992) . In brief, a small loopful of cells was suspended in H # O, pelleted by centrifugation, and resuspended in 5 % Chelex-100 (Bio-Rad). The cells were incubated at 56 mC for 15 min, Vortex-mixed for 10 s, and incubated at 100 mC for 8 min. After centrifugation at 10 000 g for 2 min in a benchtop centrifuge, the supernatant was withdrawn and diluted tenfold in H # O. One microlitre was used for a 100 µl PCR reaction.
PCR amplification and sequencing of infB. Fragments of infB encoding the GTP-binding domain of IF2 were amplified by PCR using degenerate oligonucleotide primers and purified as previously described (Hedegaard et al., 1999) . The purified PCR products were sequenced and analysed on an ALF DNA Sequencer (Amersham Pharmacia Biotech) using the 5h-fluorescein labelled primers 1748 Reverse (GTAGCAACCG-GACCACGACCTTTAT) or 1745 Reverse (GCAACCGRIC-CICTICCTTTRTC ; R l A or G, I l dInosine) (Hedegaard et al., 1999) . With H. ducreyi CCUG 4438, a 3h mismatch prevented the use of the internal primers, and the sequencing was performed using the Thermo Sequenase dye terminator sequencing kit (Amersham Pharmacia Biotech) and the ABI377 DNA Sequencer (PE Biosystems) in combination with the primers used for the PCR amplification. A 453 bp DNA sequence and the deduced amino acid sequence were obtained and compared for all isolates, corresponding to the amino acid positions 424-562 with reference to Escherichia coli IF2-1 (Sacerdot et al., 1984 ;  accession no. X00513). Sequences were checked by visual examination of the electropherograms, by translation into amino acid sequence, and finally by reexamination of all polymorphic positions. Ambiguities were resolved by repeating the PCR and sequencing reactions.
16S rRNA gene sequencing. Partial 16S rRNA gene sequencing was performed using a commercial kit, Microseq 16S rDNA (PE Biosystems), according to the manufacturer's instructions. Amplified fragments were separated and detected on a ABI310 Genetic analyser (PE Biosystems). For amplification and partial sequencing of the 16S rRNA gene of H. parahaemolyticus NCTC 8479 T the following two primers were employed : 5h-TATTACCGCGGCTGCTGGCA-3h and 5h-TCA-GATTGAACGCTGGCGGC-3h (Brosius et al., 1978) . Sequencing in both directions was performed with a Thermo Sequanase dye terminator sequencing kit (Pharmacia Biotech) and analysed with the ABI377 DNA sequencer. Fragments of 423-426 bp (corresponding to nt 62-485 of H. influenzae T 16S rRNA ; accession no. M35019) were obtained from all isolates and used for analysis. Sequence analysis. Multiple alignments were performed and edited using the  and LineUp programs of the GCG package (the Genetic Computer Group, University of Wisconsin, Madison). Phylogenetic trees were constructed by the minimum-evolution (Kidd & Cavalli-Sforza, 1971 ; Rzhetshy & Nei, 1992) and the maximum-parsimony methods. The distances were corrected by the Kimura two-parameter method (Kimura, 1980) and initial trees were generated by the neighbour-joining algorithm or by stepwise addition with simple or random addition. For both minimum-evolution and maximum-parsimony analyses, trees were generated by a heuristic search with tree bisection-reconnection branch swapping. The robustness of the trees was examined by resampling with 100 bootstrap replication. The calculation of similarity between clusters given in Tables 2 and 3 was performed with even-weighted characters ignoring gaps and ambiguous positions. All sequence analyses were performed with  4.0.0d55 for UNIX (Smithsonian Institution).
RESULTS

Amplification and partial sequencing of infB
The expected amplicon of approximately 650 bp was obtained with all bacterial strains investigated, and a 453 bp segment of infB was unambiguously determined and used for analysis. A total of 174 polymorphic positions were found in the investigated segment, with the majority of them being located at the third-base position in codons. In the deduced amino acid sequence, a total of 34 polymorphic positions were found. Compared to the sequence of IF2 from E. coli, all strains of Pasteurellaceae were found to possess an inserted lysine between glycine %$) and methionine %$* (E. coli IF2-1 numbering). Within the Pasteurellaceae, a single amino acid deletion was found in P. multocida T at position 375 (H. influenzae IF2 numbering ; Fleischmann et al., 1995, accession no. AAC22933) . The consensus sequence of five regions essential for the GTP-binding activity has previously been described (Bourne et al., 1991) . Four of the regions are located within the studied segment of IF2 and were found to be highly conserved.
Phylogenetic analysis based on infB
The phylogenetic tree constructed by the minimumevolution method using the partial sequences of infB is shown in Fig. 1 . Analysis by the maximum-parsimony method resulted in more than 100 trees, and a 50 % majority rule consensus tree was constructed and compared with the tree obtained with the minimumevolution method. Branches in Fig. 1 marked with an asterisk are supported by the consensus tree from maximum-parsimony analysis. Fifty-nine strains clustered in nine sequence groups (Fig. 1) , and these will be addressed below. The grouping from Fig. 1 is used in the calculation of similarity given in Tables 2 and 3 .
The H. influenzae branch (1). All strains with requirements for X and V factor were placed on a common branch by minimum-evolution and maximum-parsimony analyses. Branches marked with an asterisk (*) are also found in the 50 % majority rule consensus tree from the maximumparsimony analysis. The infB sequence from E. coli (Sacerdot et al., 1984 ; accession no. X00513 ) is used as outgroup.
type strains of H. influenzae and H. aegyptius, formed a very homogeneous subcluster (1A) with a sequence homology in excess of 98 % (Fig. 1, Table 2 ). Six different biotypes were represented in the cluster, but no correlation with the phenotypic diversity was found in the distribution of sequences. Identical sequences were obtained from P1442 and P1491 (biotypes IV and III, respectively). Subcluster 1A may represent ' H. influenzae sensu stricto '.
Seven other isolates (subcluster 1B) were clearly located on the H. influenzae branch, but were more distantly related to the ' H. influenzae sensu strictu ' cluster. A sequence homology at the 94-97 % level was found between subclusters 1A and 1B (Table 2 ). These isolates included two representatives of the so-called ' H. influenzae cryptic genospecies ' (biotype IV, CCUG 31339 and 31340), which has been found predominantly in urogenital and neonatal infections (Quentin et al., 1996) . Four strains phenotypically classified as H. haemolyticus were placed on a common branch in subcluster 1B, HK385 T and U175 (indole-negative), and HK676 and HK680 (indole-positive). Two strains (HK855 and 856) were found to be haemolytic on primary isolation but expressed IgA1 protease activity, a property of H. influenzae rather than H. haemolyticus. Upon reexamination for the present study, both strains had lost the ability to haemolyse. HK856 was phenotypically classified as H. influenzae biotype II. HK855 produced gas from glucose and emitted H # S, while other phenotypic tests were indicative of H. influenzae biotype VII. With respect to sequence analysis, HK856 clustered with ' H. influenzae sensu strictu ', whereas HK855 was more unique (Fig. 1) .
The H. parainfluenzae branch (2). A complex pattern was obtained with 27 isolates representing H. parainfluenzae and strains tentatively identified as H. segnis. The cluster is depicted in Fig. 2 together with selected phenotypic characteristics of the individual isolates. By infB analysis, four separate groups were generated by the minimum-evolution method, but one of these was only represented by a single strain (HK23). The remaining 26 strains fell into three subclusters (2A, B, and C), as follows.
Subcluster 2A, ' H. parainfluenzae sensu stricto '. Eighteen strains constituted one heterogeneous cluster (2A) with a sequence similarity above the 92 % level. All typical isolates of H. parainfluenzae, including the type strain, were found in this cluster. Moreover, the cluster encompassed haemolytic strains (of biotypes II and IV), and isolates which were difficult to differentiate from H. segnis (negative in the indole, urease, and ornithine decarboxylase tests). Six separate biotypes of H. parainfluenzae were included in the study, but the isolates were dispersed throughout subcluster 2A regardless of biotype or other variable phenotypic traits of H. parainfluenzae, haemolysis or production of β-galactosidase (Fig. 2) . Three strains, HK755, HK758 and HK759, were negative in the reactions used for biotyping of H. parainfluenzae, i.e. indole, urease and ornithine decarboxylase. However, they produced H # S and were more saccharolytic than typical representatives of H. segnis ( Fig. 2 ; results from carbohydrate fermentation not shown). By infB analysis, these isolates were located in subcluster 2A and conceivably represent H. parainfluenzae biotype V (Kilian, 1991 (Dewhirst et al., 1992 (Dewhirst et al., , 1993 , but not by phenotypical analysis (Kilian, 1976 ; Broom & Sneath, 1981) . The two type strains and one additional clinical isolate of each species were included in this study. Phylogenetic analysis by partial infB sequence placed these four isolates on a common branch (cluster 3), distinct from all other strains investigated (Fig. 1) . The cluster was relatively heterogeneous, with a sequence similarity in the range of 94-98 % ( Table 2 ).
The A. actinomycetemcomitans branch (4). A. actinomycetemcomitans (subcluster 4A), H. aphrophilus\ paraphrophilus (4B), and representatives of H. segnis (4C) constituted three separate subclusters on a common branch only remotely related to the type species of the genus Haemophilus. Only small differences were observed between the five isolates of H. aphrophilus\ paraphrophilus, or between the four A. actinomycetemcomitans, and the homogeneity of these species was comparable to that of ' H. influenzae sensu strictu ' ( Table 2 ). The interspecies similarity of these two subclusters was 88-90 %, equivalent to the similarity between H. influenzae and H. parainfluenzae. Three clinical isolates phenotypically identified as H. segnis constituted subcluster 4C. They were positive in the ONPG reaction, in contrast to the four H. segnis isolates of cluster 2B (Fig. 2) . No other phenotypic tests employed could discriminate between strains of clusters 2B and 4C (data not shown).
Unclustered strains. Six strains were found to be unclustered (the type strains of A. pleuropneumoniae, P. multocida, P. avium and H. ducreyi, plus CCUG 18944 and HK22) (Fig. 1) .
Comparison of partial 16S rRNA gene sequences
16S rRNA gene sequences were available for the type strains investigated, and a fragment of approximately 424 bp was sequenced from 27 other study strains (Table  1) . Despite repeated sequencing, eight bases were ambiguously determined, probably due to differences in sequence of the multiple rrn operons. The fragment studied encompassed 423 bp (H. paraphrohaemolyticus, accession no. M75076), 426 bp (three representatives of subcluster 2C, accession nos AJ290753 and AJ290755-6) and 424 bp (other strains). The previously published 16S rRNA gene sequences (used in Table 3 ) of the type species of H. influenzae, H. segnis, H. parainfluenzae and H. paraphrohaemolyticus contain 1, 10, 10, and 6 undetermined bases in the fragment under study. An unexpectedly low sequence homology (92 %) of the available 16S rRNA gene sequence (accession no. M75073) of the type strain of H. parahaemolyicus and the 16S rRNA gene sequence of strain HIM570-6 prompted us to re-examine the former. The 424 bp sequence of H. parahaemolyticus NCTC 8479 T determined by us showed only 90 % identity to the sequence of Dewhirst et al. (1992) for the same strain, but the expected high homology (98 %) to H. parahaemolyticus strain HIM570-6. This indicates that the 16S rRNA sequence of the type strain of H. parahaemolyticus available in databases as M75073 is based on an incorrect strain. The partial 16S rRNA sequence from the unclustered HK22 (accession no. AJ290746) was compared with sequences in the EMBL database and found to be most closely related to H. aphrophilus\paraphrophilus and A. actinomycetemcomitans (search results not shown). Table 3 shows the 16S rRNA similarity between selected infB clusters, based on partial sequences from 27 strains.
The clusters are listed by decreasing similarity to the type species of the genus. By partial 16S rRNA gene comparison, the seven isolates of H. segnis (infB subclusters 2B and 4C) did not split into separate 16S rRNA gene clusters (Table 3) . Eleven representatives of subcluster 2A, ' H. parainfluenzae sensu stricto ' were relatively homogeneous in their 16S rRNA gene sequences, and a distinction from the related subcluster 2C (' haemolytic biotype V ') was indicated. The new 16S rRNA sequence of H. parahaemolyticus T confirmed the existence of one separate cluster encompassing strains representative of H. parahaemolyticus and H. paraphrohaemolyticus (Table 3) .
DISCUSSION
Phylogenetic analysis based on single gene sequences is linked to the concept of bacterial populations as arrays of stable lineages (clones) that maintain their chromosomal gene composition with little or no rearrangement for extended periods of time (Ørskov & Ørskov, 1983) . Recombination events involving the segment of infB studied would segregate the phylogeny of the gene from the phylogeny of the individual bacteria. Strains of most Haemophilus species are competent for transformation (Albritton et al., 1984) . Accordingly, comparative sequence studies of selected genes encoding putative virulence factors have revealed mosaic structures, which is clear evidence of recombination (Proulx et al., 1991 ; Lomholt et al., 1995) . Nevertheless, population-genetic studies based on large collections of capsulated and noncapsulated isolates of H. influenzae suggest that the extent of recombination is not sufficient to disrupt a basically clonal population structure (Porras et al., 1986 ; Musser et al., 1990) . Less is known of the other members of the genus, but a single recent study of the 16S\23S ribosomal spacer from H. parainfluenzae revealed a mosaic-like organization of sequence blocks (Privitera et al., 1998) . Recombination per se does not necessarily exclude the possibility of obtaining a valid picture of the phylogeny of bacterial species and genera based on sequence analyses of single housekeeping genes, provided that recombination is restricted to occur exclusively, or almost exclusively, within individual taxa. In general, the phylogenetic picture obtained in this study by sequence analyses of infB was in good agreement with the delineation of the genus Haemophilus suggested by DNA hybridization (Mutters et al., 1989 ). An exception was observed for seven presumed representatives of H. segnis, which fell into two separate clusters by infB analysis, but not by 16S rRNA sequence comparison. The distance between subcluster 2B on the H. parainfluenzae branch and subcluster 4C on the A. actinomycetemcomitans branch (Fig. 1) is so wide that it makes recombination a plausible explanation. DNA-DNA hybridization, as well as 16S rRNA sequencing, has clearly demonstrated a close affiliation of H. segnis to H. aphrophilus\paraphrophilus (Potts et al., 1986 ; Dewhirst et al., 1992 (Mutters et al., 1989) , and Quentin et al. (1996) characterized a subset of H. influenzae, biotype IV, as a cryptic genospecies. Only representatives of the latter were included in the present study (CCUG 31339 and 31340) , and they occupied a unique position in the infB dendrogram (subcluster 1B, Fig. 1 ), in agreement with 16S rRNA sequences published by Quentin et al. (1996) . Sequences obtained with various haemolytic isolates showed relatively wide differences, and the sequence of HK855 was as unique as the ones obtained with the cryptic genospecies of Quentin and co-workers. H. haemolyticus and H. aegyptius are not very different from H. influenzae phenotypically, by infB analysis (Table 2) , or by 16S rRNA sequence comparison (Dewhirst et al., 1993) . Indeed, DNA hybridization, which is the currently accepted reference methodology, suggests that H. aegyptius and H. influenzae do not merit separate species rank (Casin et al., 1986) . How far speciation should be pursued in the H. influenzae branch is not clear at present. Bacteria classified as H. parainfluenzae constitute the other major division of the genus Haemophilus. By infB sequence analysis, large differences were encountered between isolates of H. parainfluenzae ; in fact, the dissimilarity between 18 isolates of ' H. parainfluenzae sensu strictu ' (subcluster 2A) exceeded differences between subclusters 1A and 1B (Table 2 ). Broad differences have previously been noticed within H. parainfluenzae (Pohl, 1981) . No correlation was found between the phylogenic relationships suggested by partial infB sequences and the phenotypic traits within subcluster 2A (Fig. 2) . It is possible that the distribution of infB sequences in cluster 2A is a product of intraspecies recombination. The phylogeny of other genes located at a different position on the bacterial chromosome would clarify this hypothesis. The combination of negative reactions in the three biochemical tests used for biotyping of H. parainfluenzae (indole production, urease and ornithine decarboxylase) is characteristic of both H. paraphrophilus and H. segnis. These two species are differentiated by the stronger acid production of the former and its ability to ferment lactose. However, it has been unclear if strains of H. parainfluenzae negative in the three biotyping tests exist. The clustering of non-haemolytic strains with these characteristics according to both infB and 16S rRNA sequences (Fig. 1 , (Fig. 2) . Thus, these strains represent H. parainfluenzae biovar V, a designation reserved for this combination of characteristics (Kilian, 1991) . Subcluster 2C on the H. parainfluenzae branch may qualify for status as a separate species, with four isolates being unique with respect to phenotype, 16S rRNA, and infB sequences (Figs 1 and 2, Table 3 ). Three of these strains were positive in the H # S reaction (Fig. 2) and their studied fragment of the 16S rRNA gene encompassed 426 bp, in contrast to 423-424 bp found in other strains with available 16S rRNA sequences (Table  1 , alignment not shown).
The type strains of H. parahaemolyticus and H. paraphrohaemolyticus, plus two additional isolates (P1300 and HIM570-6), had related infB sequences clearly separate from all other sequences generated in the study. The distinction of these species from each other by phenotypic traits is difficult (Kilian, 1976) . Strain P1300 was positive in the ONPG test and negative for IgA1 protease activity, which is why identification of H. paraphrohaemolyticus was preferred to identification as H. parahaemolyticus. By infB sequence, a division into two separate species is not found (Fig. 1) , in contrast to other molecular data (Mutters et al., 1989 ; Dewhirst et al., 1993) . However, re-examination of the 16S rRNA gene sequence of the type strain of H. parahaemolyticus clearly indicates that the sequence deposited by Dewhirst et al. (1993) , which often has been part of the arguments for reorganization of the genus Haemophilus, is not based on the correct strain. The sequence obtained in the present study for this type strain showed the expected high homology to another verified strain of H. parahaemolyticus (HIM570-6) and to the type strain of H. paraphrohaemolyticus, in full agreement with the observed infB homologies. The interrelationship and affiliation to genus of these species should, however, be considered unresolved, as a limited number of strains has been included in this and previous investigations.
The close relationship of A. actinomycetemcomitans, H. aphrophilus\paraphrophilus and H. segnis has been demonstrated by 16S rRNA sequence (Dewhirst et al., 1992 (Dewhirst et al., , 1993 , by DNA hybridization (Potts et al., 1986) , and by infB sequence (Fig. 1, subclusters 4A-C) . It is the affiliation to genus of these species that is a matter of uncertainty. The results from 16S rRNA comparison showed them to be close relatives of H. influenzae, the type species of the genus Haemophilus (Dewhirst et al., 1992) . This is in conflict with the results obtained by DNA-rRNA hybridization (deLey et al., 1990) and by infB sequence comparison, which have found these species to be only remotely related to the genus Haemophilus.
Five strains, the type strains of H. ducreyi, P. multocida, P. avium and A. pleuropneumoniae, plus CCUG 18944, were included in order to give an outline of the family Pasteurellaceae. The last four, which were clearly separate from the genus Haemophilus by infB analysis, were of non-human origin. Of these four strains, three have a requirement for V factor. CCUG 18944 complies phenotypically with H. parainfluenzae biotype I, although fermentation of sucrose was not detected (data not shown). The human origin thus appears to be more predictive of affiliation to the genus than the V factor requirement. The taxonomic position of species represented by only a single strain should naturally await analysis of a greater number of representative isolates. The only H. ducreyi examined in the study was the type strain, as this species is known to be only remotely related to the type species of the genus Haemophilus. Speciation of the sixth unclustered strain, HK22, presents a particular problem. This human isolate is phenotypically a H. parainfluenzae biotype III (Kilian, 1976) , it is related to H. aphrophilus by partial 16S rRNA gene sequence (accession no. AJ290746), and it is related to H. paraphrohaemolyticus by DNA hybridization [HK22 was included in the DNA hybridization experiments done by Mutters et al. (1989) . The matrix of individual DNA-binding values obtained between strains is given in the PhD thesis of Burbach (1987) .]
In conclusion, the same delineation of the genus ' Haemophilus sensu stricto ' is suggested by infB sequence comparison and DNA-DNA hybridization. Quite a different phylogeny is inferred from 16S rRNA sequence analysis, where H. aphrophilus\paraphro-philus, H. segnis, and possibly A. actinomycetemcomitans, are included, whereas H. parainfluenzae is excluded from the genus. More data on the relations of the genus Haemophilus and family Pasteurelleceae are needed, and the discrepancies above emphasize the potential problems of basing conclusions on studies based solely on 16S rRNA sequences or other single gene loci.
